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THE NORTHWARD EXTENSION OF THE 'PHYSIO- 
GRAPHIC DIVISIONS OF THE UNITED STATES 

W. N. THAYER 
Consulting Geologist, Cincinnati, Ohio 

PART I 

INTRODUCTION 

Preliminary to a study of the economic bearing of the physiog- 
raphy of North America the writer found it desirable to inquire into 
the extension of the generally recognized physiographic divisions 
of the United States southward into Mexico and northward into 
Canada and Alaska. The results of the study of Mexican physiog- 
raphy were published in the Journal of Geology early in 1916.' The 
present paper embodies the results of an investigation of the north- 
ward extent of these divisions. 

The plan of this paper is to discuss briefly the physiographic 
divisions of the United States which touch our northern border, 
and to compare with them the adjacent territory north of the 
International Boundary by reference to surface features, boundaries, 
structure, and physiographic history, and by this means to show 
that the divisions of the United States have northern extensions 
that project them far into Canada and in some places into Alaska. 

This paper is avowedly one of correlation, and no effort has been 
made to give detailed descriptions of the Canadian or Alaskan 
areas. Such work must be left to the future, as there are still 
large expanses of territory that have never been fully explored, much 
less studied, with care sufficient to allow an accurate classification 
of surface features or the drawing of permanent boundaries. The 
generalizations advanced in this paper will, of course, be subject 

to change as our knowledge of the north country increases. 
Fenneman's classification has been used wherever it could be 

adapted to the continental scope of this paper. The writer's own 

SW. N. Thayer, Jour. Geol., XXIV (1916), 61-94. 
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experience and field study have contributed in a small way to the 
text, but he has also drawn liberally on the published work of others. 
He is particularly indebted to Dr. N. M. Fenneman for advice and 
criticism. 

THE COAST RANGES SECTION OF THE PACIFIC BORDER PROVINCE 

The term "Coast Ranges" may be used with perfect freedom 
when discussing topographic features within the United States, 
because in both popular and scientific thought the mountains desig- 
nated by the term are quite definitely delimited. Freedom in the 
use of the term is restricted beyond the International Boundary, 
however, for in Canada there is also a "Coast Range" in no way 
related to the "Coast Ranges" of the United States, and the name 
is very definitely fixed in the language of the people as well as in 
scientific usage. It becomes necessary, therefore, to distinguish 
these features by appropriate terms that shall leave no room for 
ambiguity. This will be done in the present paper by the expedi- 
ent of using the plural form, "Coast Ranges," for those mountains 
both in the United States and in Canada which face the open ocean 
and the singular form, "Coast Range," for that Canadian member 
of the Pacific System which is separated from the open ocean by 
numerous mountainous coastal islands. The two features have but 
little in common and differ widely in their records of physiographic 
history. 

The mountains that border the coast of the United States from 
the Sierra de Los Angeles to the straits of San Juan de Fuca "are 
neither a single range nor alike in character and history, but they 
are for the most part contiguous and may be treated as a single 
general province."' A similar characterization may be made of 
the mountains of Vancouver and Queen Charlotte islands, the 
Alexander Archipelago, the St. Elias group, the Kenai Peninsula, 
and Kodiak Island, and for the same reasons they may be considered 
as an extension of the Coast Ranges of the United States and as 
belonging to the same province. 

There is some objection to this broad view, particularly because 
a large part of the region north of the forty-ninth parallel has not 

' N. M. Fenneman, Ann. Assoc. Am. Geog., IV, 133. 
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been studied in detail, but it is supported in a general way by 
numerous geplogists who have studied portions of the northwest 
coast of North America. Dawson,' Ransome," and Clapp3 tenta- 
tively place the mountains of Vancouver and Queen Charlotte 
islands in the province with the Coast Ranges, and Willis and Smith4 
are definitely committed to the idea. Bancroft5 says that the 
system of the Coast Ranges is continued northward along the coast 
of Alaska in the mountainous islands of the Alexander Archipelago, 
and that these islands express the probable continuity of a range 
that formerly bridged all gaps existing between the Olympic 
Mountains of Washington and the St. Elias group of Alaska. 
Brooks6 continues the system northward, connecting the Alexander 
Archipelago with the St. Elias group and that group, through the 
Chugach Mountains, with the mountains of the Kenai Peninsula 
and Kodiak Island. 

The four more or less dissimilar divisions of the Coast Ranges 
in the United States have this in common-they represent dissected 
peneplains. Topographically they consist of individual ridges, and, 
excepting the Klamath Mountains, they follow the contour of the 
coast with considerable parallelism between them. The tops of 
the ridges are generally flat and the upland has a rolling, mature 
character, with peaks rising here and there above the general level. 
These peaks are residuals or monadnocks that resisted erosion 
during the first cycle. Diastrophism and vulcanism have con- 
tributed something to the present topography, but, though locally 
prominent factors, they have been generally subordinate to erosion. 

The drainage of the Coast Ranges is a reliable index to the 
causes that have produced the present topography. The larger 
westward-flowing streams, that is, those which cut across the ranges 
to empty their waters directly into the Pacific, are without excep- 
tion antecedent. They have preserved the courses which they 

' G. M. Dawson, Bull. Geol. Soc. Am., XII, 61. 

2 F. L. Ransome in Problems of American Geology (Yale University Press), p. 359. 
3 C. H. Clapp, Geol. Survey Canada, Guide Book No. 8, Part III, p. 280. 

4 Bailey Willis and G. O. Smith, U.S. Geol. Survey, Folio 54. 

s J. A. Bancroft, Geol. Survey Canada, Mem. 23, p. 18. 

5A. H. Brooks, U.S. Geol. Survey, Prof. Paper 45, pp. 27-42. 
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formerly had while the old surface was being subdued. The Sacra- 
mento and Columbia rivers are prominent examples of this type. 

TABLE TO EXPLAIN THE ACCOMPANYING MAP 

Major divisions, the strongly characterized parts of the continent, are separated by heavy lines, and 
are distinguished by Arabic numerals; Provinces are separated by light lines, and are distinguished by 
letters; sections are distinguished by Roman numerals. 

Major Divisions Province Section 

(a) Laurentian Plateau proper 
(b) Superior Highlands 

1. Laurentian Plateau (c) Adirondack Mountains 
(d) Unnamed 

(a) Continental shelf 
I. Atlantic section 

2. Atlantic Plain (b) Coastal Plain II. Gulf section 
III. Yucatan section 

(a) Piedmont region 
(b) Blue Ridge Mountains 
(c) Appalachian Valley 

3. Appalachian Highlands (d) St. Lawrence Valley 
(e) Appalachian Plateaus 
(f) New England region 

(a) Interior Low Plateaus 
I. East. Lake section 

(b) Central Lowland II. West. Lake section 
III. Driftless area 

4. Interior Plains (c) Great Plains IV. Till plains 

(d) Wyoming Basin 
(e) Texas Hill region 
(f) Canadian Great Plains 
(g) Anatuvuk Plateau 

(a) Ozark Plateau 
5. Interior Highlands (b) Ouachita region f I. Arkansas Valley 

II. Ouachita Mountains 

(a) Southern Rockies 
(b) Boundary Group 

6. Rocky Mountain System (b Mackenzie Mountains 
(d) Endicott Mountains 

(a) Columbia Plateau 
(b) Colorado Plateau 
(c) Basin-and-Range province 
(d) Interior Plateaus 

7. Intermontane Plateaus (e) Yukon Plateau 
(f) Sonoran Desert 
(g) Anahuac Desert Plateau 
(h) Sierra Madre 

I. Sierra Nevada 
(a) Pacific Mountains II. Cascade Mountains 

III. Coast Range of British Columbia 
(IV. Coast Range of Alaska 

8. Pacific Mountain System I. California trough 
(b) Pacific Border province II. Puget trough 

III. Copper River basin 

(c) Coast Ranges f I. California-Oregon-WashingtonRanges 
\III. Alaskan Ranges 

9. Southern Mexican High- (a) Volcanic province 
lands (b) Sierra del Sur province 

zo. Isthmian Lowlands (a) Tehuantepecan province 
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The streams now occupying the longitudinal valleys have in part 
inherited courses from the earlier cycle, but they generally follow 
structural lines or have had their courses determined by folding 

since the period of peneplanation (as in the Olympic Mountains), 
and are therefore subsequent. 

In certain places, particularly in northern California, this sec- 
tion includes, besides the mountains proper, a tract of dissected 
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plateau immediately adjacent to the coast. This tract was eroded 
to the condition of a peneplain and later uplifted and dissected 
into its present form.' Local subsidences following the uplift 
drowned the lower courses of certain master-valleys, notably those 
of the Sacramento and Columbia rivers. 

Although a large part of the Canadian division of the Coast 
Ranges has not been studied or mapped, a survey of the literature 
and maps available shows how similar are its topographic features 
to those in the United States. The topography of this division 
also represents a dissected peneplain, with residuals rising above 
the general level.2 This region was extensively glaciated during 
the Pleistocene epoch, and many topographic features were devel- 
oped which are not found farther south, such as smoothed and 
rounded mountains, scoured and terraced valleys, fiords, and super- 
posed streams. However, when large areas are considered the 
topographic features appear to be analogous to those of the United 
States. A noteworthy similar feature is the coastal peneplain 
developed along the western margin of Vancouver Island. Asso- 
ciated with this are also wave-cut terraces, such as characterize the 
coastal peneplain in the United States, and in places a very irregu- 
lar coast line due to later depression. 

It is difficult to compare the topography of the Alaskan division 
of the Coast Ranges with that of the United States on account of 
the pronounced effect of Pleistocene and Recent glaciation, particu- 
larly in the mountains of the Alexander Archipelago and the 
St. Elias Range. However, two conditions necessary to link this 
division to the remainder of the Coast Ranges have been definitely 
established. The mountains of Kodiak Island and the Kenai 
Peninsula present an upland surface which can scarcely be inter- 
preted as other than the remnants of an ancient peneplain,3 and 
there is abundant evidence of instability dating from early Tertiary 
to the present time. Another correlating feature may be found 
in the course of Alsek River across the St. Elias Range. This is 
probably an antecedent stream course, analogous to those of the 
Columbia and Sacramento rivers. The course of Copper River 

'A. C. Lawson, Univ. Cal. Bull., I, 242-44. 

2 C. H. Clapp, op. cit., pp. 282-84. 3 A. H. Brooks, op. cit., p. 272. 
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across the Chugach Mountains may also fall within this classifica- 
tion. 

The physiographic history of the Coast Ranges in the United 
States begins with the general uplift in the Pliocene period that 
started the erosion cycle which produced the first peneplain. Dur- 
ing this cycle the master-streams outlined their present courses. 
The date of the uplift that began the present erosion cycle has not 
been definitely determined, but it may be assigned tentatively 
to late Pliocene time. The present topography, excepting residual 
peaks, and all tributary stream courses are the results of dissec- 
tion during this later cycle. 

North of the International Boundary there are records of a 
corresponding sequence of events. Diastrophism on a large scale 
was the dominant process during the Tertiary period until the close 
of the Miocene epoch. Erosion following an uplift, probably in 
Pliocene time, subdued the mountains of Vancouver and Queen 
Charlotte islands' and also the mountains of Kodiak Island and the 
Kenai Peninsula," and it may fairly be assumed that it included the 
intermediate members of the Coast Ranges. 

THE PACIFIC TROUGH SECTION OF THE PACIFIC BORDER PROVINCE 

The great depression of the western coast of North America, 
known as the Pacific Trough, is a structural feature that extends, 
with minor interruptions, from Cape Corrientes, Mexico, northward 
to Alaska. It is made up of six natural divisions: the first and 
southernmost is the Gulf of California; the lowlands of the Lower 
Colorado Basin constitute the second; and the third is the Great 

Valley of California. The fourth comprises the Willamette and 
Cowlitz valleys and Puget Sound. The fifth or Canadian division 
extends northward from the Straits of San Juan de Fuca and 
includes the Straits of Georgia, Queen Charlotte Sound, and prob- 
ably Hecate Straits. The sixth or Alaskan division extends appar- 
ently through Clarence and Chatham straits to Lynn Canal. The 
mountains of the St. Elias group interrupt the extension of the 

trough northward from Lynn Canal in very much the same manner 
as do the Klamath Mountains of the United States, but it is 

' G. M. Dawson, op. cit., p. go. 2 A. H. Brooks, op. cit., pp. 292, 293. 
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probably continued beyond them through the Copper River Basin, 
Sushitna Basin and Cook Inlet, and possibly includes the Shelikof 
Straits. 

The divisions represented by the Lower Colorado Basin, the 
Great Valley of California, the Willamette and Cowlitz valleys, 
the Copper River Basin, and the Sushitna Basin are land surfaces; 
the remaining divisions are at present submerged. Within the 
United States the eastern and western boundaries of the subaerial 
divisions may be definitely drawn. The floor of the Great Valley 
is, for example, practically coextensive with the area of Quaternary 
deposits shown on geologic maps, and in Oregon and Washington 
the greater part of the depression is filled with glacial or fluvio- 
glacial deposits and alluvium formed during or since the glacial 
period. Brooks' uses the same criterion to delimit the terrane of 
the Copper River Basin, which he describes as a broad floor of 
Pleistocene gravel and silt deposits extending from the inland slope 
of the Chugach Mountains to the foothills of the Alaska Range. 
The boundaries of the submerged divisions may be regarded as 
practically coincident with the limiting shore lines. 

The topography of the subaerial divisions within the United 
States may be characterized as a "floor." The broad, sloping 
alluvial plains of these sections are generally featureless. The slope 
of the valley floor generally increases toward the foothills, finally 
merging with the alluvial fans in the foothill gulches. In some 
places this merging is so gradual that it is impossible to say where 
plain ends and foothills begin. Brooks has applied the term "floor" 
to the Alaskan section and emphasizes its monotonous lack of relief. 

"The Pacific Coast downfold has been a feature of the western 
coast since the Cretaceous period, and during several geologic 
periods was so deeply depressed as to lie beneath sea-level and 
receive a considerable body of sediments."2 These marine sedi- 
ments, however important geologically, do not contribute in any 
way to the present topography. The physiographer is concerned 
chiefly with the origin of the later alluvium and gravel deposits, 
which were produced by stream action after certain parts of the 
trough had been cut off from the sea. These deposits were of 

'A. H. Brooks, op. cit., p. 54. 2 Isaiah Bowman, Forest Physiography, p. 177. 
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course derived from the adjacent highlands, both to the east and 
west, and therefore the history of the growth and dissection of the 
mountains is in a large measure the history of the filling of the 
trough. 

The mountainous province which borders the trough on the east 
has been contributing deposits since Cretaceous time. The Coast 
Ranges were probably sufficiently elevated in early Pliocene time 
to commence contributing to the filling of the trough. In late 
Pliocene time both mountain systems were further uplifted, increas- 
ing the carrying power of the streams and resulting in a more rapid 
filling of the depression. By the close of the Pleistocene epoch the 
deposits had accumulated to such a depth in certain places as to 
fill the trough to sea-level and to cut off parts of it from the sea. 
From that time to the present the history of the subaerial divi- 
sions has been that of flood-plain formation.' These facts apply 
chiefly to the divisions within the United States, but the deposits of 
the Copper River basin also bear evidence of a similar sequence 
of events in that division.' 

The history of the submerged parts of the trough is important 
only as it contributes to the discussion of the land surface. The 
history of the Gulf of California has been recounted in the writer's 
paper on Mexico previously cited,3 and Willis and Smith4 have given 
a good summary of the history of Puget Sound. A review of the 
literature on the subject would lead one to believe that an identical 
series of events took place within the submerged parts of the trough 
in Canada and Alaska. From the data available at this time, how- 
ever, it is impossible to make a positive statement. 

THE SIERRA-CASCADE PROVINCE OF THE PACIFIC MOUNTAIN SYSTEM 

This province comprises a very persistent mountainous feature 
of Western North America in which folding came to a close in 
Mesozoic time and which has since been comparatively rigid.5 The 

'F. L. Ransome, Univ. Cal. Bull. (Dept. Geol.), I, 387. 

2A. H. Brooks, op. cit., p. 54; also W. C. Mendenhal, U.S. Geol. Survey, Prof. 
Paper 41, p. 84. 

3 W. N. Thayer, op. cit. 4 Bailey Willis and G. O. Smith, op. cit. 

s F. L. Ransome in Problems of American Geology, pp. 358, 359. 
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various members of the mountain system are bound together in one 
great structure by a chain of batholiths, the intrusion of which 
seems to have begun in the north and continued progressively 
southward during a long period of time.' 

The members of this mountain system in the United States are 
the Sierra Nevada, the Klamath Mountains, and the Cascade 
Mountains. To these might be added the Blue Mountains of 
Oregon. The Northern Cascade Mountains are generally regarded 
as ending at the International Boundary, but as a matter of fact 
they terminate naturally a few miles beyond the boundary at the 
canyon of Fraser River. Daly' has selected this as a dividing 
line, according to his plan of limiting physiographic units by master- 
valleys and trenches. 

This province includes a section in Canada known as the Coast 
Range of British Columbia-a mountainous belt about 1oo 
miles wide which extends along the coast for nearly 900 
miles from the canyon of Fraser River northwestward beyond the 
head of Lynn Canal. Dawson3 early objected to admitting the 
Coast Range to the same classification as the Cascades because of 
the decided difference in. rock composition. Physiography, how- 
ever, gives preference to structure and topography as criteria for 
classification, and, as Daly4 has pointed out, "it has become more 
and more evident as the study of the Cordillera progresses that 
rock composition can never rival crest continuity as a primary 
principle in grouping the western mountains." 

At its northern end the Coast Range passes behind the St. Elias 
Range and gradually blends with the Interior Plateaus near Lake 
Kluane.5 Although this particular member terminates here, the 
province, following the trend of the other Cordilleran divisions, 
continues along a great arc to the northwest and embraces an 
Alaskan section of several members-in succession the Chigmit 
Mountains, the Alaskan Range, and the Aleutian Range.6 In all 

1 A. C. Lawson, Jour. Geol., I, 579-86. 
2 R. A. Daly, Geol. Survey Canada, Mem. 38, Part I, p. 41. 

3 G. M. Dawson, Trans. Royal Soc. Can., sec. 4, p. 4. 
4 R. A. Daly, op. cit., p. 40. 

s J. A. Bancroft, Geol. Survey Canada, Mem. 23, p. 13. 
6 A. H. Brooks, op. cit., pi. 7. 
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probability the system also includes the volcanic Aleutian Islands. 
In the absence of adequate data on the mountains of Alaska it should 
be remembered that any classification is merely tentative and is 
subject to revision as knowledge of the country becomes more 
thorough. However, there is considerable evidence to support the 
present classification. This will be given in the discussion of the 
topography and physiographic history of the region. 

In a general way the topography of this province, particularly 
Sierra Nevada and Cascade mountains, is that of an uplifted 
(Tertiary) peneplain, which has been deformed by folding and 
faulting, deeply dissected by erosion, and covered deeply in places 
with volcanic products.' 

The Sierra Nevada is a bold, continuous, and deeply dissected 
range, about 75 miles wide, with a crest line of well-defined 
residual peaks. The mountains are delimited on the east for hun- 
dreds of miles by a high and steep fault-scarp, but descend gradually 
to the Great Valley on the west across a gently sloping plateau. 

The Cascade Mountains have also, in most places, a broad, 
maturely dissected summit of about the same width as that of the 
Sierras, above which rises a straight north-south line of several 
scores of volcanic peaks. Long, broad, flat-topped spurs, analogous 
in some respects to the crest of the High Sierras, diverge from these 
peaks. The eastern slope of the Southern Cascades is bold and the 
western slope gentle. In these respects also they resemble the 
Sierras. In the Northern Cascades, however, the eastern slope 
loses its abruptness and the peneplain of the mountains descends 
gradually to the plateau of the Columbia River. 

Three types of volcanic products have contributed to the mak- 
ing of the present topography of the Sierra Nevada and Cascade 
mountains: (i) batholithic granite and diorite intrusives, (2) flows 
of basaltic lava, and (3) andesitic cones which rise above the general 
level and dominate the view from many points. 

The drainage of these sections of the province is characteristic 
of its type of topography. The courses of the forks of Feather 
River across the crest of the Sierra Nevada, the course of the 

'J. S. Diller, U.S. Geol. Survey, Bull. 353, p. 9; also I. C. Russell, U.S. Geol. 
Survey, 2oth Ann. Rept., Part II, p. 140. 
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Columbia River across the Cascade Mountains, and that of the Skagit 
River across the Skagit Mountains were outlined upon the sur- 
face of a Tertiary peneplain and have been maintained in spite 
of uplift to the present time. Most of the smaller streams are sub- 
sequent and have had their courses determined by structure or the 
relative hardness of rocks. Many of these latter have also had their 
courses altered by lava flows. 

The Coast Range of British Columbia has a structure analogous 
to that of the Sierra Nevada and Cascade mountains,' and its 
topography is strikingly similar. These mountains are also the 
remnants of an uplifted and dissected (Tertiary) peneplain, the 
relief of which has been increased by later "warping, flexure, or 
displacement."" They are from 60 to ioo miles in width and 
of fairly uniform height. Many residual peaks rise along the 
crest line to a considerable elevation above the general level. 
Where erosion has removed the overlying sedimentary rocks a 
number of great batholiths are exposed, which may be regarded 
as connecting the Coast Range structurally with the southern 
members of the system. The eastern slope of the mountains is 
very gentle, as in the Northern Cascades, and in many places 
it merges insensibly with the Interior Plateaus.3 

The principal rivers which flow across the Coast Range from the 
interior are antecedent to the uplift, and have maintained to the 
present time courses which they originally established on pene- 
planed surface that sloped westward to the ocean. Chief among 
these are the Fraser, Stikine, and Taku.4 

It is difficult to give a clear summary statement of the topog- 
raphy of the Alaskan section on account of the small amount of 
geological work and mapping that has been done. Suffice it to 
say, however, that the Chigmit and Alaska ranges are bold, moun- 
tainous features, and the available evidence indicates that they have 
been carved from a Tertiary peneplain after differential uplift. 

'A. C. Spencer, U.S. Geol. Survey, Bull. 287, pp. 10, ii; also G. O. Smith, U.S. 
Geol. Survey, Folio 86. 

2 A. C. Spencer, Bull. Geol. Soc. Am., XIV, 117-32. 

3 R. G. McConnell, Geol. Survey Canada, Guide Book No. zo, pp. 7-11. 

4 A. H. Brooks, op. cit., p. 271. 
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This fact has not been fully established, however, and since there 
is apparently no accordance of summit levels, the origin of these 
mountains may still be open to question. The Aleutian Range 
with its long line of typical cones built along an anticlinal axis 
closely resembles the Cascades. As a matter of correlation it 
may be remarked that intermittent vulcanism has continued in 
both sections to the present time.' 

The physiographic history of this province properly begins with 
the emergence of the area from the sea at or near the close of the 
Mesozoic era. Deformation either accompanied the emergence 
or closely followed it, and then from a point as far north as the 
sixtieth parallel to the southern end of the Sierra Nevada folding 
on a large scale came to a close. Since Cretaceous time the system 
has been comparatively rigid, and its various units in so far as they 
have moved at all have moved en masse or in large fault-blocks.2 

The present mountains, however, were not produced by deforma- 
tion only. Several forces have worked together from the close of 
the Mesozoic era to the present time to produce the topography as 
we now see it. This will be shown in a brief summary sketch of the 
history of the various units. 

In the Sierra Nevada the present simple orographic form is 
strikingly contrasted with an older and quite complex structure 
which was developed during the Mesozoic deformation, and which 
consisted of strong folds intruded by extensive granodiorite batho- 
liths. In late Cretaceous time these folds were truncated by ero- 
sion and the surface reduced to one of low relief.3 The Eocene 
epoch was probably a time of mild deformation and uplift. This 
began an erosion cycle that culminated in the Miocene epoch by 
reducing the area to a peneplain.4 Another uplift late in the Plio- 
cene epoch raised this peneplain to the level of the plateau, now 
dissected, which lies between the crest of the Sierras and the Great 
Valley. The crest of the Sierras, or, as it is frequently called, the 
High Sierras, stands several thousand feet above the general level 

'A. H. Brooks, op. cit., p. 275. 

2 F. L. Ransome, in Problems of American Geology, pp. 358, 359. 

3 F. L. Ransome, op. cit., p. 351. 
4 J. S. Diller, U.S. Geol. Survey, 14th Ann. Rept., Part II, pp. 404-11. 



and is not a part of the Miocene peneplain. It is the residual part 
of the surface that was reduced in late Mesozoic time.' 

A similar record of events is preserved in the Cascade Moun- 
tains. A range corresponding to the present Cascades was prob- 
ably formed by folding during the Mesozoic era accompanied by 
intrusions of igneous rock, but the configuration of the present 
range is ascribed to later events and processes. In early Tertiary 
time the region was comparatively rugged. During the earlier 
epochs of the Tertiary period there was an alternation of basaltic 
lava flows and shallow water deposition. The Miocene epoch was 
a time of further mild deformation, followed by an erosion interval 
that subdued the whole region. This subdued surface was uplifted 
during the Pliocene epoch to form the mass of the present Cascade 
Range.2 Erosion and vulcanism have since combined to produce 
the present topography from this uplifted peneplain. 

On a previous page an attempt was made to justify the classi- 
fication of the Coast Range of British Columbia with the Sierras 
and Cascades on a basis of crest-continuity. A further justification 
is found in the record of the physiographic history of the Coast 
Range. The later part of the Mesozoic era was in this region also 
a time of deformation and granitoid batholithic intrusion. Erosion 
followed this deformation and produced a peneplain, or at least a 
subdued surface. Milder deformation, probably in the Miocene 
epoch,3 uplifted this subdued surface, and another erosion cycle 
was started, which before the close of the Pliocene epoch had pro- 
duced a second peneplain. Late Pliocene time witnessed another 
uplift and the beginning of the erosion cycle that produced the 
topography as it now appears. 

Writers do not all agree regarding the Tertiary peneplains of 
the Cascades and the Coast Range of British Columbia, the exist- 
ence of which is inferred from the accordance of summit levels. 
Russell4 and Willis and Smith5 agree on a late Tertiary base level 

' Isaiah Bowman, op. cit., p. 170. 

2 G. O. Smith, U.S. Geol. Survey, Folio 86. 
3 A. C. Spencer, Bull. Geol. Soc. Am., XIV, 117-32. 

4 I. C. Russell, U.S. Geol. Survey, 2oth Ann. Rept., Part II, pp. 140-44. 

s Bailey Willis and G. O. Smith, U.S. Geol. Survey, Prof. Paper 19. 
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produced according to the peneplain theory of Davis. Daly' 
opposes this idea, however, in so far as it applies to the region under 
discussion, and explains the accordance of summit levels on a 
different principle. Without attempting to pass upon the relative 
merits of the theories, it may be remarked that the general topo- 
graphic features are at least consistent with the peneplain 
hypothesis. 

The sequence of physiographic events in the Alaskan section 
is difficult to determine. A probable summary is as follows: first, 
crustal disturbance in the late Mesozoic era and the opening of 
numerous volcanic vents at about the same time; second, pene- 
planation toward the close of the Tertiary period; and third, later 
differential uplift and erosion that in a large measure contributed 
to the present topography." Though this statement should be 
accepted as subject to revision as our knowledge of Alaskan geog- 
raphy and geology increases, it appears probable that the major 
events of physiographic history in Alaska have followed the schedule 
described for the remainder of the province. 

THE INTERMONTANE PLATEAUS 

East of the mountains of the Pacific System lies a broad belt 
of country which, though characterized in many places by moun- 
tains and valleys or basins, presents on the whole a plateau surface, 
in part degraded, in part constructional. This belt of plateaus 
extends from Mexico northward to the Bering Sea and includes the 
Great Basin, Colorado and Columbia plateaus of the United States, 
the Interior Plateaus of British Columbia, and the Yukon Plateau 
of Alaska. It is bounded throughout its entire extent on the east 
by the Rocky Mountains. 

Although there is some diversity of surface features among the 
several units of this intermontane belt, particularly between widely 
separated units, there is sufficient similarity among them in the 
relation of each to the adjoining provinces on the east and west, 
in their principal structural features, and in their records of 

' R. A. Daly, Geol. Survey Canada, Mem. 38, pp. 631-41. 

2 A. H. Brooks, op. cit., pp. 290-95. 
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physiographic history, to enable us to classify them as closely 
related provinces of a single major division. 

Topographically the Great Basin is a region of fault-block 
mountains and detritus-filled valleys or basins, with small areas of 
horizontal lava flows scattered over its surface. Its altitude is 
everywhere lower than that of the bordering provinces. Ransome 
says that "the impressive feature of the Great Basin . . . . to 
one . . . . who looks over it from the crest of the Sierras or from 
the edge of the Colorado plateaus in Arizona is that it is a collapsed 
region."' The western boundary is characterized throughout 
almost its entire length by a fault-scarp that rises sharply to the 
crest of the Sierras. The eastern boundary is in some places a 
prominent scarp and in others a gentle slope from the adjacent 
highlands. 

The Columbia Plateau, although built of almost horizontal lava 
flows and lacking on the whole the detrital filling of the Great Basin, 
is not to be sharply separated from it. Fenneman' shows a broad 
transition zone between the two divisions. This province, like 
the Great Basin, also lies between and beneath two mountain 
provinces. 

Prior to the extrusion of the lavas which now form its surface 
the Columbia Plateau was a region of rugged topography,3 prob- 
ably not unlike the Great Basin before the beginning of the period 
of basin-filling. This rugged surface was not entirely obscured by 
the lavas, as witness the Blue Mountains of Oregon. There is some 
evidence that there may have been a fault-scarp separating the 
plateau from the Cascades, but if such was the case it has been 
obscured by the lavas, and today the eastern margin of the pene- 
plain of the Cascades descends gradually to the plateau of the 
Columbia apparently without a break. 

The similarity between the Columbia Plateau and the Interior 
Plateaus of British Columbia is striking, although the two provinces 
are not contiguous, being separated a distance of something less 
than 1oo miles by the Colville Mountains, which stand like a bridge 
across the plateaus and connect the Rockies with the Cascades. 

' F. L. Ransome, op. cit., p. 343. 2 N. M. Fenneman, op. cit., pi. 2. 

3 I. C. Russell, U.S. Geol. Survey, Bull. 199, p. 61. 
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A large area of the Interior Plateaus is covered by basaltic 
lava flows of the same age as those of the Columbia Plateau, and 
where these are favorably disposed for observation it may be seen 
that they obscure a former rugged relief.' The present topography 
is conditioned, however, by factors other than lava flows and 
anterior relief. It represents in part dissected lava tables, in part 
dissected local peneplains of pre-Miocene age, and in part dissected 
mountain torsos reduced during early Tertiary and Mesozoic times.2 
In general, the topography may be described as a series of gently 
undulating and plateau-like uplands, from 4,000 to 6,000 feet in 
altitude, within which the streams have cut wide and deep valleys. 

A significant feature of the Interior Plateaus, in fact, of the 
entire belt of Intermontane Plateaus, except the Great Basin, is 
the antecedent drainage. The basalt cover of the plateaus, 
originally horizontal, was later deformed, but the deformation was 
not rapid enough to affect seriously the streams that had been laid 
out on nearly flat lava sheets in response to initial slopes, and which 
have maintained their courses to the present day. Where there 
have been great uplifts we now find deep canyons. The Columbia 
River where it crosses the province is typical of this condition, as 
are also the Fraser, Skeena, Nano, Stikine, and Taku rivers.3 

The Interior Plateaus lie below two adjacent and limiting 
provinces and are similar in this respect to the Columbia Plateau 
and the Great Basin. The eastern boundary is not marked by a 
prominent topographic break at any place, but a difference of sur- 
face features may be easily distinguished within a few miles. On 
the west, where the Interior Plateaus are bordered by the Coast 
Range, the boundary of the province is difficult to determine. 
The mountains and plateaus merge insensibly in many places4 and 
present a case analogous to that of the Cascades and the Columbia 
Plateau in Washington. 

The Interior Plateaus of British Columbia are continued north- 
ward into Yukon Territory and Alaska under the name of Yukon 

' L. Reineke, Geol. Survey Canada, Mus. Bull. II, Fig. I and p. 38. 

2 R. A. Daly, Geol. Survey Canada, Guide Book No. 8, Part II, p. 164. 

3 A. C. Spencer, Bull. Geol. Soc. Am., XIV, 125-28. 

4 R. G. McConnell, Geol. Survey Canada, Guide Book No. Io, p. Ii. 
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Plateau. There is no natural dividing line between these two units, 
and any line that is drawn to separate them must be arbitrary. 
No dividing line is necessary except for convenience in discussion, 
and for this purpose the political boundary between British Colum- 
bia and Yukon Territory is as satisfactory as any other, particularly 
as it practically coincides with the watershed that separates the 
headwaters of the Yukon River from the rivers flowing southward. 

Topographically this division is a dissected plateau. The 
summits are accordant on the whole, though here and there isolated 
residuary masses rise above the general level.' Structurally the 
area has the form of a "broad shallow trough pitching to the north, 
whose axis coinciding with the valley of the Yukon trends northwest 
to the Arctic circle and then bends to the southwest. In other 
words, the trough makes nearly a right-angled bend and pitches 
toward Bering Sea."' 

The Yukon Plateau has an altitude of 4,000 to 5,000 feet where 
it is bordered by the Coast Range, falling near the center to about 
3,000 feet, and rising again as it approaches the Rockies. Along 
a part of the southwest margin the plateau abuts almost directly 
against the slopes of high mountain ranges, and so abrupt is this 
change from the smooth, flat summits of the upland to the rugged 
mountains that it is very suggestive of a fault-scarp. 

It is apparent that the Yukon Plateau may be correlated with 
the other members of the Intermontane Plateaus, not only because 
of general similarity of surface features, but also because it lies 
between two mountain provinces. The probable fault-scarp along 
the western border suggests an analogy to that between the Great 
Basin and the Sierra Nevada. In fact, Brooks states specifically 
that the " Yukon Plateau is coextensive (continuous) with the 
plateau of British Columbia and can be regarded as belonging to 
the same physiographic province as the Great Basin."3 

Along the remainder of the western border, however, the rela- 
tion between plateau and mountains is more like that existing 
between the Coast Range and the Interior Plateaus or between the 
Cascades and the Columbia Plateau. This is particularly true 

SF. E. Wright, Geol. Survey Canada, Guide Book No. o10, pp. 53, 54. 

2 A. H. Brooks, op. cit., p. 278. 3 A. H. Brooks, op. cit., p. 41. 
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in the region adjacent to White and Chilkoot passes, and in the 
vicinity of White and Stikine rivers. In these places the summit 
plateau of the mountains blends with the plateau of the interior.' 

The physiographic history of the Intermontane Plateaus is 
coincident with that of the mountain provinces bordering them on 
the west down to Eocene time,2 and since the latter has been dis- 
cussed in preceding pages it will not be necessary to repeat it here. 
The Eocene epoch witnessed widespread volcanic action of great 
magnitude in the Columbia Plateau division, and lesser, localized 
action in the northern divisions, accompanied by an uplift of the 
previously subdued surface. An erosion interval followed in the 
Oligocene epoch. Whatever effect it may have had on the Colum- 
bia Plateau is now largely obscured. Drysdale3 records a post- 
Eocene-pre-Miocene erosion interval for the Interior Plateaus and 
Brooks4 records a post-Eocene erosion interval for the Yukon 
Plateau. Dawson,5 Spurr,6 Spencer,7 and others have correlated the 
peneplains thus produced as belonging to the same period, making 
it appear that between the close of the Eocene epoch and the begin- 
ning of the Miocene epoch there was a period of widespread pene- 
planation. Daly,8 however, insists that there was no period of 
general peneplanation, and states that the upland surface was pro- 
duced by several pre-Miocene erosion cycles. The residual moun- 
tains of British Columbia, Yukon Territory and Alaska, and the 
Blue Mountains of Oregon probably represent masses which 
remained unsubdued during this time (one or more cycles as the 
case may be), although they may date back to the early Tertiary 
or late Mesozoic erosion period. 

The first basaltic flows on the Columbia Plateau are assigned 
to the Miocene epoch.9 Similar flows, more localized, however, 

z A. C. Spencer, op. cit., pp. 125-28. 
2 G. O. Smith and F. C. Calkins, U.S. Geol. Survey, Bull. 235, pp. 85-90. 

3 C. W. Drysdale, Geol. Survey Canada, Guide Book No. 8, Part II, pp. 235, 236. 

4 A. H. Brooks, op. cit., pp. 278, 279. 
s G. M. Dawson, Trans. Royal Soc. Can., VIII, sec. 4, p. 12. 

6 J. E. Spurr, U.S. Geol. Survey, i8th Ann. Rept., Part III, p. 260. 
7 A. C. Spencer, op. cit., p. 128. 
8 R. A. Daly, Geol. Survey Canada, Guide Book No. 8, Part II, p. 164. 
9 I. C. Russell, op. cit., p. 61. 
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occurred at the same time on the Interior Plateaus and on the 
Yukon Plateau.' 

Throughout all Tertiary time the belt of intermontane plateaus 
north of the Great Basin was fairly rigid.2 However, in late 
Miocene time slight orogenic movements warped the early Miocene 
lavas into broad synclinal basins and anticlinal domes.3 These 
movements were probably coincident with the profound faulting 
movements which affected the Great Basin. Lava flows which 
continued until very recent time have largely obscured the evidence 
of such movements on the Columbia Plateau, but they are plainly 
to be seen in the northern divisions. 

Late in the Pliocene epoch there was a general but differential 
uplift of the entire Cordilleran region. This prepared for the devel- 
opment of the present upland surface. Dissection following this 
uplift marked out the main features of the present topography. 
The erosion cycle thus begun was halted, however, north of the 
Columbia Plateau by the formation of the Pleistocene ice cap. 
Normal processes of erosion which were renewed after the with- 
drawal of the ice have continued the dissection, but the topography 
bears the characteristic marks of glacial modification. 

THE ROCKY MOUNTAIN SYSTEM 

East of the Intermontane Plateaus and bordering this region 
throughout almost its entire length is another major division of 
general Alpine habit in strong topographic contrast with the 
plateaus. It is the most difficult of all the Cordilleran regions 
to name or define, because of the indefinite and varied manner 
in which names have been applied to it and its subdivisions. 

A ruling of the United States Geographic Board makes the term 
"Rocky Mountain System" embrace the whole of the mountainous 
region between the forty-ninth parallel and the Rio Grande River. 
However, this definition does not harmonize with recent studies 
in physiographic boundaries, as it includes a large area in Texas 
and New Mexico of a character essentially different from that of 
the mountains, and excludes a large and closely related region north 

' L. Reineke, op. cit., p. 38. 
2 F. L. Ransome, op. cit., p. 338. 3 C. W. Drysdale, op. cit., pp. 235, 236. 
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of the forty-ninth parallel. Daly' limits the use of the term to 
what is really the Canadian extension of the Front Ranges of the 
United States and fails to recognize that the term "Rocky Moun- 
tains" is used in a very much broader sense by both popular and 
scientific writers in the United States. Ransome2 applies the term 
"to the whole of that part of the Laramide System which extends 
from the Bering Sea to the southern ends of the San Juan and 
Sangre de Cristo ranges in Colorado." Fenneman3 makes his 
Rocky Mountain division within the United States include prac- 
tically the same area as Ransome's, though the latter wrote of 
general geology rather than physiography. 

There is something to be said, of course, in favor of each of these 
definitions, as well as of the earlier nomenclature proposals of 
Dawson and Dana, more or less perhaps as one lives north or south 
of the forty-ninth parallel. However, in spite of all that may be 
written, and in the face of frequent inconsistencies, popular usage 
will always be the final arbiter in questions of geographic names, 
and as Ransome's and Fenneman's definition conforms more nearly 
to popular usage than the others it will be used in this paper. 

The Canadian divisions of the Rocky Mountain System are 
easily correlated with the divisions lying within the United States; 
in fact, the so-called "Northern Rockies" of the United States and 
the ranges of British Columbia belong to one and the same 
province. This province may be further subdivided into four oro- 
graphic units, separated among themselves and from adjacent prov- 
inces by five roughly parallel, structural, north-south lines, namely, 
(i) the western edge of the Great Plains; (2) the Rocky Mountain 
trench; (3) the Purcell trench; (4) the Selkirk valley; and (5) the 
eastern edge of the Intermontane Plateaus.4 

The Rocky Mountain trench is a long, narrow, intermontane, 
structural depression or trough that extends from Flathead Lake 
in Montana northward almost to the boundary between British 
Columbia and Yukon Territory,-a distance of about 990 miles. 

' R. A. Daly, Geol. Survey Canada, Mem. 38, p. 27. 

2 F. L. Ransome, Problems of American Geology, p. 291. 

3 N. M. Fenneman, op. cit., pp. 119-24 and pi. 2. 

4 R. A. Daly, op. cit., p. 26. 
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It is occupied successively by the headwaters of the Columbia, 
Fraser, Peace, and Liard rivers, nearly all of which leave the trough 
by transverse gorges cut in the adjacent mountains. 

The orographic unit lying between this trench and the western 
edge of the Great Plains includes the Lewis, Livingstone, Mission, 
and a few smaller ranges in the United States, and Daly's "Rocky 
Mountain System" of British Columbia and Alberta.' The topog- 
raphy of these ranges is generally bold, and elevations of more than 
1o,ooo feet are attained by some of the peaks. These are the true 

front ranges of this part of the Rocky Mountain System." 
The Purcell trench is also a structural trough. It extends from 

Bonners Ferry, Idaho, northward in line with the courses of the 
Kootenay and Beaver rivers to a point about 200 miles north of the 
International Boundary, where it joins the Rocky Mountain trench. 

The orographic unit that lies between these two trenches com- 
prises the Coeur d'Alene, Cabinet, Flathead, and Purcell ranges. 
The relief is less than that of the Front Ranges. Few peaks sur- 
pass 7,500 feet, except in a part of the Cabinet Range, and on the 
whole only a small proportion of the summits attain 7,000 feet. 
The more important stream courses trend about northwest and 
form boundaries of the chief subdivisions, each of which bears 
evidence of being a dissected plateau.3 

The Selkirk Valley, although not a structural depression, is a 
valley of the first rank. It is drained southward by the Columbia 
River, and extends from a point about 60 miles south of the Inter- 
national Boundary, where the river turns westward to enter the lava 
fields of the Columbia Plateau, to a point about 250 miles north of 
the boundary, where it also joins the Rocky Mountain trench. 

The mountainous unit lying between the Selkirk Valley and the 
Purcell trench embraces Daly's Selkirk System, which in its exten- 
sion south of the boundary includes the Pend d'Oreille Mountains. 
The topographic character of this unit is similar to that of the unit 
next to the east. In the southern part the mountains are generally 
rounded, and but few of the summits rise above 5,000 feet. North 

' F. C. Calkins, U.S. Geol. Survey, Bull. 384, p. I2. 

2 Bailey Willis, Bull. Geol. Soc. Am., XIII, pp. 305-52. 

3 F. C. Calkins, loc. cit. 
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of the boundary, however, they are more rugged, and in places 
peaks attain heights of 7,000 feet.' 

The fourth orographic unit lies between the Selkirk Valley on the 
east and the edge of the Intermontane Plateaus on the west, 
excepting a distance of about 75 miles south of the International 
Boundary, where it abuts against the Cascade Mountains. It 
embraces Daly's Columbia System, which includes the Colville 
Mountains of Washington. This unit is characterized by compara- 
tively low mountains that commonly show a certain uniformity of 
summit levels. Topographically they are not sharply distinguished 
from the mountains of the Interior Plateaus; however, there are no 
remnant plateaus, and they are to be regarded as a group distinct 
from any association with the mountains of that division.2 

These four units form a group which writers on the physiography 
of the United States have frequently referred to as the "Northern 
Rockies." This term fails to convey a proper idea of their relative 
location on the continent, however, and in the absence of a better 
name, as well as for convenience in discussion, they will be referred 
to hereafter in this paper as the "Boundary Group." 

Just north of the sixtieth parallel rise the Mackenzie Mountains, 
the greatest mountain group of Canada. This group consists of 
two ranges-an older range against the eastern edge of which a 
newer or front range has been built up. It has a crescentic axis, 
paralleling the general trend of the Cordilleran provinces, and 
extends from the valley of the Liard River to the valley of the 
Porcupine River. The group has a maximum width of about 300 
miles. There is no well-defined crest line, and it appears to be 
a complex of mountain masses which are the result of deformation 
and erosion following an uplift. 

The topography of the older western range is governed to some 
extent by structure, many of the wider valleys being cut in soft 
strata, and the higher ridges and peaks formed by uptilted hard 
beds. The highest peaks and most-rugged crests are built of granite 
stocks. The surface features in general are those which result 
from long-continued differential erosion acting on an uplifted and 

' F. C. Calkins, op. cit., p. 12. 

2 0. E. LeRoy, Geol. Survey Canada, Mem. 21, p. 23. 
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deformed region, somewhat modified by glaciation. Some of the 
higher peaks are estimated to measure 8,000 feet, but the general 
vertical relief is from 3,000 to 4,500 feet. 

The eastern or newer range displays a marked difference in 
topography. Its structure is due to fracturing, buckling, and 
faulting, which has resulted in a more rugged and compact range of 
crumpled and tilted blocks. The highest peaks are roughly pyramid- 
shaped masses that reach elevations of 6,500 to 7,500 feet. Erosion 
has not reached such an advanced stage as in the western range. 

Keele' regards the Mackenzie Mountains as closely related in 
both geology and structure to the Boundary Group, and, applying 
the various criteria used by physiographers, it would seem that this 
group may be definitely placed in the same classification as the 
Rocky Mountains. 

Just beyond the boundary between Yukon Territory and Alaska 
another mountain group rises and extends westward toward Bering 
Sea. The name Endicott Mountains, originally applied to a single 
range of this group, is now made to include the whole.2 Brooks3 
correlates these mountains as an orographic continuation of the 
Mackenzie group and as a part of the great physiographic division 
of the Rocky Mountain System. 

The Endicott Mountains are sharply defined. They are 
bounded on the south by the Yukon Plateau and on the north by 
the Anatuvuk Plateau, a part of the Great Plains province. The 
southern slope rises rather abruptly from the uplands of the Yukon 
Plateau, though the line between the uplands and the mountains 
is irregular, at one point bending southward to include a spur, at 
another forming a deep re-entrant into the front of the range. On 
the Arctic slope the descent is still more abrupt. For long stretches 
the mountains present a bold escarpment to the north, and the 
sharp transition from the smooth, moss-covered (Anatuvuk) 
plateau to the bold, rugged mountains is very striking. 

So far as is known, the Endicott Mountains embrace at least 
two distinct ranges. The topography is rugged and the transverse 

'Jos. Keele, Geol. Survey Canada, Pub. 1097, pp. 13-18 and pi. 3. 

2 F. C. Schrader, U.S. Geol. Survey, Prof. Paper 2o. 

3 A. H. Brooks, op. cit., pp. 42-46. 
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valleys are sharply cut. The longitudinal valleys are broad, of 
gentle slopes-some of them of the basin type-and divide the group 
into several units. The northern or Front Range has an altitude 
of more than 6,000 feet, and in places peaks reach 8,000 feet. The 
altitude of the southern range reaches scarcely 5,000 feet. The 
southern range shows a remarkably even sky-line, which strongly 
suggests that it has been carved from a former plateau.' 

Important topographic features that may be used in classifying 
all the groups herein discussed into one large major division of the 
North American continent are: (i) definite delimitation of each 
group on two sides respectively by the Great Plains and Intermon- 
tane Plateaus; (2) a high, bold "Front Range" separating the 
mountains from the Great Plains; (3) a range of lesser altitude and 
of a dissected plateau type standing behind each of the Front 
Ranges; and (4) a persistent en echelon arrangement of the Front 
Ranges from the Sangre de Cristo Mountains of Colorado to the 
Endicott Mountains of Alaska. 

Within the United States the physiographic history of the 
Front Ranges begins with the post-Laramie deformation. This 
event raised the Jurassic-Cretaceous sediments into positions where 
they were subject to active erosion. Mature dissection of these 
sediments, and of the igneous bodies which had been intruded into 
them, of varying degrees of hardness and standing in diverse struc- 
tural attitudes, has wrought the present topographic forms. The 
dissected plateau uplands lying west of the Front Ranges are prob- 
ably remnants of a Pliocene or late Tertiary peneplain. 

Schofield2 implies a similar history for the Boundary Group, 
and the work of Brooks and Schrader in Alaska indicates a similar 
history for the Endicott Mountains. The Mackenzie group has 
been studied only in reconnaissance, but from what is known of its 
structure and stratigraphy and its relation to adjoining provinces 
it seems that we may be warranted in drawing the tentative deduc- 
tion that it also participated in the events outlined for the United 
States. 

'A. H. Brooks, ibid. 

2S. J. Schofield, Geol. Survey Canada, Guide Book No. 9, p. 21. 

[To be continued] 
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